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SUMMARY 

Phepahationb o d  milligham q u a n t i t i e b  ( 3 - 5  m g )  0 6  

n i t h O A y l  cyanide ,  O N C N ,  4 b i n g t e  and 4 double l a b e l l e d  
hpecieb ahe debchibed.  In4hahed dhequencied ahe hepohted 
doh i d e n t i d i c a t i o n  P U h p O h Q A .  The d t a b i l i t y  0 6  O N C N  i b  
dibcubbed.  I n  conthabt  t o  hepoh tb  i n  l i t e h a t u h e  no e x p ~ o d i o n d  
have owu4AQd duhing any paht 0 6  ouh wohtk. 

Key Words: N i t r o s y l  c y a n i d e ,  IR f r e q u e n c i e s .  

INTRODUCTION 

N i t r o s y l  c y a n i d e ,  O N C N ,  i s  of i m p o r t a n c e  b o t h  i n  p r e -  

p a r a t i o n s  (1) and i n  t h e o r y  ( 2 )  due  t o  i t s  weak c e n t r a l  N-C 

bond w i t h  a d i s s o c i a t i o n  e n e r g y  of ca. 30 k c a l  mol- l  ( 3 ) .  

It  h a s  e a r l i e r  been p r e p a r e d  as  d e s c r i b e d  i n  (l), ( 4 1 ,  and 

(5). E x p l o s i o n s  d u r i n g  p u r i f i c a t i o n  are  r e p o r t e d  ( 5 ) .  Ref. 

(Lo r e p o r t s  r o t a t i o n a l  c o n s t a n t s ,  B and C ,  o f  O N C N ,  0 
1 5  N C N ,  

* To whom t h e  c o r r e s p o n d e n c e  shou ld  be a d d r e s s e d .  
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1 3  1 5  ON C N ,  and ONC N based on microwave work. Re f .  ( 5 )  r e p o r t s  

t h e  I R  spectrum of g a s e o u s  O N C N  ( 4 0 0 0 - 2 0 0  cm-') w i t h  a 

sugges t ed  f o r c e  f i e l d .  

The pu rpose  of t h i s  work was t o  e s t a b l i s h  a method o f  

p roduc ing  3-5 mg q u a n t i t i e s  o f  ONCN and a number of i s o t o p i -  

c a l l y  e n r i c h e d  s p e c i e s  w i t h o u t  r i s k i n g  e x p l o s i o n s .  The 

s p e c i e s  produced were c h a r a c t e r i z e d  by t h e i r  g a s  phase 

I R  s p e c t r a .  

EX PER IMENTAL 

P r e p a r a t i o n  of  u n l a b e l l e d  O N C N  

O N C l  AgCN -+ O N C N  

P r e p a r a t i o n  and p u r i f i c a t i o n  of a l l  i n t e r m e d i a t e  and f i n a l  

p r o d u c t s  t o o k  p l a c e  i n  e v a c u a t e d  sys t ems  a v o i d i n g  t h e  u s e  of 

mercury manometers. e. 1 0  mmol O N C l  was p r e p a r e d  a c c o r d i n g  

t o  ( 6 ) :  

2N02 + KC1 - O N C l  + K N 0 3  ( 2 )  

N O 2  was o b t a i n e d  from commercial  Pb(N0312 f o l l o w i n g  (7) 

e x c e p t  f o r  a f i n a l  d i s t i l l a t i o n  from one t r a p  a t  -8OOC t o  

a n o t h e r  a t  - 1 9 6 O C  t o  e x c l u d e  H 2 0  e t c .  

d i s t i l l a t i o n  a t  -80°C, p=2.8 T o m  (L.K.B. g a u g e ) .  

o v e r - a l l  y i e l d  o f  O N C l  w i t h  r e s p e c t  t o  Pb(N0312 i s  E. 5 0 % .  

2.70 g ( 2 0  mmol) commercial  AgCN ( P i e r c e  I n o r g a n i c )  

O N C l  was p u r i f i e d  by 

The 

w a s  p l a c e d  i n  a 1 5  m l .  r e a c t i o n  v e s s e l  and d r i e d  i n  vacuo 

unde r  h e a t i n g  (Tr190°C). By s h o r t  immersion o f  t h e  v e s s e l  

i n t o  a b a t h  a t  - 1 9 6 O C  0 . 0 1  mmol O N C l  w a s  condensed o n t o  AgCN. 
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Then t h e  v e s s e l  t empera ture  w a s  qu ick ly  r a i s e d  t o  -3OOC and 

magnetic s t i r r i n g  s t a r t e d .  

- ca. 1 0  Torr  ( 5 ) )  a mixture  o f  gaseous ONCN and unreac ted  O N C l  

was condensed i n  a connec t ing  t r a p  a t  - 1 9 6 O C .  

experiments  we showed t h a t  n e i t h e r  l onge r  nor s h o r t e r  r e a c t i o n  

pe r iods  improved t h e  y i e l d  of  ONCN.  The procedure desc r ibed  

w a s  r epea ted  9 times b r ing ing  a t o t a l  of 0 . 1  mmol O N C l  i n  

c o n t a c t  wi th  2 0  mmol AgCN. ONCN w a s  s epa ra t ed  from unreac ted  

O N C l  and o t h e r  i m p u r i t i e s  by r epea ted  bulb  t o  bulb  d i s t i l l a -  

t i o n s  from a pentane s l u s h  ba th  ( - 1 3 0 O C )  t o  a ba th  a t  - 1 9 6 O C  

( 5 ) .  

0 . 2  Torr  and 0 . 0 6  Torr  (L.K.B. gauge) ,  r e s p e c t i v e l y .  An 

average  of 5 d i s t i l l a t i o n s  produced E. 0 . 0 5  mmol ONCN of  

s u f f i c i e n t  p u r i t y  f o r  t h e  p re sen t  purpose ( <  2 %  O N C 1 ) .  I n  

essence less  than  g. 2 %  of t h e  app l i ed  AgCN has  r e a c t e d .  

A f t e r  5 minutes  a t  -3OOC ( p r e s s u r e  

I n  s e p a r a t e  

A t  -130OC t h e  vapour p re s su res  of  ONCN and O N C l  a re  

P repa ra t ion  of l a b e l l e d  ONCN 

U N C 1 ’ N  and O N 1 3 C N  

I n  s e p a r a t e  p r e p a r a t i o n s  AgCl’N (from aqueous so lu -  

t i o n s  of 0 . 5  g ( 1 0  mmol) 99.5% enr iched  N a C 1 5 N  ( S t o h l e r )  and 

a s l i g h t  excess  ( 1 0 . 5  mmol) of AgN03) and Ag13CN (from 1 . 0  g 

( 2 0  mmol) 9 0 %  enr iched  N a 1 3 C N  (Merck)) were washed 5 times 

wi th  d i s t i l l e d  water  fol lowed by d e c a n t a t i o n  and 5 times wi th  

e t h y l  a l c o h o l  ( d e c a n t a t i o n )  be fo re  d ry ing  i n  vacuo a t  Tw90°C. 

Proceeding as  above t h e  expected q u a n t i t i e s  of 99.5% 
1 5  enr iched  ONC 

were obta ined .  

N (E. 3 mg) and 9 0 %  enr iched  O N 1 3 C N  (z. 3 mg) 

I n f r a r e d  gas-phase f r equenc ie s  are r epor t ed  i n  Table  1. 
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Table 1 Infrared band c e n t r e  f r e q u e n c i e s  ( c m - l )  recorded at  
Tar40°C ( i n s i d e ) '  and p l 0  Torr. Cell l e n g t h  10 cm. 

ONCN 

ONC15N 

ONI3CN 

Ol5NCN 

"ONCN 

15 13 0 N CN 

15 15 0 NC N 

CN 

l80NC1 'N 

2170.0b 

2140.5 

2122.0 

2169.2 

2169.0 

2120.6 

2140.4 

2121.6 

2140.4 

1501. O b  

1500.8 

1500.5 

1476.1 

1463.0 

1475.3 

1475.6 

146.2. 3 

1462.4 

820.0 588. 5b 

818.5 584.4 

810.2 580.9 

807.3 585.1 

818.5 587.8 

797.9 578.7 

804.7 579.8 

809.3 581.3 

(816. 5Id (591.2Id 

1 0 0  

99 

90 

95 

30 

85 

95 

27 

30 

a To be d i s c u s s e d .  
b In disagreement w i t h  (5). 
c Enrichment. 
d Two superimposed bands. 



Again E. 98% of AgCl’N and Ag13CN was r e c o v e r e d  t o  be used 

f o r  p r e p a r a t i o n  of  double  l a b e l l e d  s p e c i e s .  

0 ” N C N  

2.0 g (25 mmol) 95.2% NH415N03 (Merck) w a s  d i s s o l v e d  

i n  7 m l  H20 and 2 m l  c o n c e n t r a t e d  H2S04. H 1 5  N O g  and H20 

was d i s t i l l e d  of f  i n  vacuo a t  room t e m p e r a t u r e  o n t o  3 g 

(-12.5 mmol) commercial  PbO. Under s l i g h t  h e a t i n g  and 

s t i r r i n g  an aqueous s o l u t i o n  of Pb(15N03 l 2  was a f t e r w a r d s  

produced and t h e  water removed i n  vacuo.  

f i n a l l y  d r i e d  i n  vacuo a t  Tw200°C ( 7 ) .  

as  a l r e a d y  d e s c r i b e d :  

Pb(15N03)2 was 

Then we proceeded 

(2) 1 5  400°C 1 5  KC1, 015NC1 015NCN Pb( NO3l2 - NO2 

The t o t a l  y i e l d  o f  O l ’ N C l  was 3 mmol (-200 mg). 0 . 1  mmol 

of  t h i s  was used fo r  t h e  p r e p a r a t i o n  of  0 N C N ,  w h i l e  t h e  

rest was saved f o r  p r e p a r a t i o n s  of d o u b l e  l a b e l l e d  s p e c i e s .  

1 5  

“ O N C N  

1 e (42 mmol) 6 0  atom % l8O2 ( S t o h l e r )  was r e a c t e d  

w i t h  a s l i g h t  e x c e s s  of N O  (8) a t  room t e m p e r a t u r e  t o  g i v e  

84 mmol 30 % N 02. Excess  of NO was removed by pumping 

(-196OC b a t h ) ,  f i n a l l y  p u r i f y i n g  N1802 by b u l b  (-8OOC) t o  

b u l b  ( - 1 9 6 O C )  d i s t i l l a t i o n s .  

d e s c r i b e d  : 

18 

Then w e  proceeded as a l r e a d y  

N1802 % 180NC1 180NCN ( 5 )  

T h e  t o t a l  y i e l d  o f  180NC1 was E. 20 mmol of which 0 . 1  mmol 

w a s  used  t o  produce z. 3 mg 30% e n r i c h e d  180NCN. The 
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remaining 180NC1 was s t o r e d  f o r  use  i n  p r e p a r a t i o n s  of double  

l a b e l l e d  spec ie s .  

0 I S  N 13 C N ,  0 I s  N C  " N , 1 8 0 N 1 3 C N ,  and 180NC'SN 

1 5  O l ' N C l  015Nc15N AgC N -- 

Ag13 CN 180NC1 180N13CN 

The excess  l a b e l l e d  Ag13CN and AgCl'N app l i ed  i n  t h e  
15 p repa ra t ions  of  O N 1 3 C N  and ONC 

use i n  ( 5 )  - (8) by d i s s o l v i n g  2-3 g of t h e  a p p r o p r i a t e  

l a b e l l e d  AgCN i n  b o i l i n g  12M NH,+OH (ca.  - 1 0  m l  1. 

coo l ing  t o  O°C produced almost  q u a n t i t a t i v e  y i e l d s  of c r y s t a l -  

l i n e  Ag13CN and AgC N ,  r e s p e c t i v e l y .  A f t e r  s e p a r a t i o n  by 

decan ta t ion  and washing wi th  water and e t h y l  a l c o h o l  as  usua l  

t h e  c r y s t a l s  were d r i e d  i n  vacuo a t  T=90°C be fo re  use .  

N were p u r i f i e d  p r i o r  t o  

Slow 

15 

Table 1 r e p o r t s  i n f r a r e d  band c e n t r e  f r equenc ie s  of  

a l l  t h e  prepared s p e c i e s .  

ONCN STABILITY 

Gas phase ONCN is  s t a b l e  f o r  3 0  minutes  (4) i n  a 

microwave copper c e l l  a t  'Ib-80°C and p 5 0  mTorr. When 

i n f r a r e d  spectra were recorded  (Table  1) us ing  a g l a s s  c e l l  

wi th  K B r  windows p r a c t i c a l l y  no d e t e r i o r a t i o n  was seen a f t e r  

30  minutes  a t  E. 40' ( i n s i d e  t empera tu re ) .  A f t e r  1 hour a 
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z. 10% decrease in observed band intensities was noted. 
Following sample condensation (-196OC) fractionation in vacuo 

at -130OC showed a minor (-0.2 Torr) increase of initial 

equilibrium pressure possibly due to NO. 

restored after one distillation. 

Sample purity was 

Deep-blue ONCN in a quantity necessary to produce a 

pressure of 1 atm. at room temperature in a sealed-off NMR 

tube (i.d. 4 mm) converts quickly to a yellow solid substance 

while freely heating from -196OC to 2OoC. 

In the gas phase at room temperature ONCN reacts 

rapidly with Hg. 

Explosions have never occurred during any of our ex- 

periments. 
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